The magnitude of the orbital magnetic moment [1][2][3][4][5][6][7][8][9] and its role as a trigger of the Verwey transition [10][11][12][13][14][15][16][17] in the prototypical Mott insulator, magnetite, remain contentious. Using 1s2p resonant inelastic X-ray scattering magnetic linear angular distribution (RIXS-MLAD), we prove the existence of non-collinear orbital magnetic ordering and infer the presence of dynamical distortion creating a polaronic precursor for the metal to insulator transition. These conclusions are based on a subtle angular shift of the RIXS-MLAD spectral intensity as a function of the magnetic field orientation. Theoretical simulations show that these results are only consistent with non-collinear magnetic orbital ordering. To further support these claims we perform Fe K-edge X-ray magnetic circular dichroism (XMCD) in order to quantify the iron average orbital magnetic moment.
106
We found that the average orbital magnetic moment is 107 0.26 ± 0.03 µ B per unit formula of Fe 3 O 4 . It is impor-108 tant to note that feature I is theoretically predicted to 109 be completely suppressed in the case that µ L = 0 µ B (see is taken into consideration that the experimental RIXS-
216
MLAD angular shift can be reproduces (see Fig. S13 ).
217
An energy shift of ∼ 0.2 eV was found between the two 218 subclasses. 219 We interpret the formation of these two subclasses as Fig. 1b and Fig. 4f ), however the RIXS-MLAD (Fig. 4f ).
290
The large discrepancies regarding the orbital magnetic 
